BB, WW, HH or with anyone or combination of two or three heterozygous, self-colored black 
RESULTS
The F 1 plants resulting from the cross Blackeye 5 x Iron were self-colored black. An occasional bean was mottled, but these were not hereditarily different as they could be found in the same pod with pure black beans (see fig. 1 ). The first F 2 population was grown in a wilt-sick soil near Ceres, California. Over 3,000 plants were classified for seed-coat color. The results are shown in table 1. The F 2 results were fitted to expected tri-hybrid ratios of three independent 'genes. These results were felt to be inadequate because the plants were crowded and some did not even produce a pod. Then, too, all the pattern types were not clearly identified. Too many plants were classified simply as "blackeye" or "browneye," so these classes were too large and the larger-eye classes were too small. The results did not fit expectations at all.
In 1949, spaced plantings were made in wide rows in wilt-free soil at Davis. In that year 5,316 plants were classified (table 1). There were too many black and too few brown in all classifications. In some plants it was difficult to distinguish Holstein from large eye. The very poor fit to expected ratios is, however, not due entirely, or even chiefly, to difficulties with these classes.
In 1951 another F 2 population was grown at Davis from the same lot of F 1 seed used in 1948 and 1949 . This population of 498 plants, shown in table 1, fits the expected ratios quite well with a P value of 0.10-0.20.
The F 2 data from table 1 can be broken down into single-gene segregations. In the case of the black gene, B, the proportion of bb was too small every year. The X 2 value for goodness of fit to a 3: 1 ratio was 62.26 in 1948, 31.08 in 1949, and 0.32 in 1951 . The x 2 for homogeneity was 10.84, giving a P value of 0.01-0.02. It is interesting that the three populations were not statistically homogeneous even though they were grown from the same lot of seed. The calculated frequency of the recessive bb in the three years was 0.1889, 0.2169, and 0.2390, and the average was 0.2083. Since the zygotic March, 1956J Smith: Seed-Coat Color Inheritance in Vigna sinensis 281 ;,=~~:-:=~~~~~~~~~~~~~~~--;~~-~-~-----;~;~-~T-~~--;~~- The calculated frequency for the recessive class was 0.2550, 0.2383, and 0.2349 for the three years and 0.2440 for the total. This gave a gametic fre- [Vol. 24, No. 11 quency of the w gene of 0.5050 in 1948, 0.4882 for 1949, 0.4847 for 1951, and 0.4940 for the total.
The segregation for the Holstein pattern gene, H, in the three populations showed X 2 values for goodness of fit to the 3: 1 ratio of 16.60 in 1948, 76.98 in 1949, and 6.43 in 1951 . The X 2 value of the homogeneity test of the three populations was 2.03. The P value of 0.50-0.70 indicated homogeneity of the three populations. The calculated frequency of the recessive class for the three years was 0. 2134, 0.1979, and 0.2008 , and the total was 0.2025. The gametic frequency of the h gene was 0. 4619 in 1948, 0.4449 in 1949, 0.4482 in 1951, and 0 .4500 for the total.
These data indicate that there was a paucity of the rece.ssive classes. This could be due to differential gametic competition or to a lower survival of zygotes containing homozygous recessive genes. Some critical information on these alternatives is presented later in this report from studies of the F 3 populations.
Results from Planting Self-colored Black F2 Seed. Of the 226 blackseeded F 2 plants obtained in 1951, 203 were progeny tested in 1952. A maximum of 100 seeds was obtained from each of these 203 plants and planted in 100-foot rows. The 23 F 2 plants that were not tested had less than 60 seeds. In order to be self-colored black each plant must have had at least one dominant allele of each gene. The F 3 populations made it possible to assign the genotype of each plant. The results shown in table 2 give a rather poor fit to expected ratios, assuming purely random distribution of the gametes. The probability was between 0.01 and 0.02. The greatest deviation was obtained in the true-breeding blacks where more than twice as many were obtained as expected. This class contributed 9.556 to the total x 2 of 17.500. On the basis of random assortment of gametes one third of the population should breed true for each of the three genes and two thirds should segregate. In a population of 203 plants, then, 67.67 should be homozygous. The number of plants that proved to be homozygous was 79 for B, 84 for W, and 72 for H. The probabilities that these distributions were due to chance were 0.05-0.10 for B, 0.01-0.02 for W, and 0.50-0.70 for H. In all three genes there was a preponderance of the dominant homozygous class. Since all the F 2 plants were phenotypically alike, there was no advantage to a plant whether the gene was homozygous or heterozygous. The poor fit to random segregation, then, can be accounted for by assuming an advantage of the gametes containing dominant alleles.
The F 3 families were planted in May with about 100 seeds per row. Since the land was not preirrigated, germination of the seed was rather poor. Under these severe conditions is there any difference in the size of families that germinated and survived to produce seed~The 79 BB rows averaged 41. Total .
P .

Expected number Expected
Number for all three genes, gave very low P values when fitted to expected ratios. The 53 families were ,genetically like the F 2 in which poor fits were obtained.
Breeding results from all possible genotypes have been obtained. These will now be presented.
Results from Backcrosses, A number of F 1 plants of the cross Blackeye 5 x Iron were backcrossed to the Blackeye parent. This backcross was BbWwHh x ·BBwwhh. Unfortunately, the difference between large and small eyes was not appreciated when the counts were made, so all eyed patterns were grouped together. Since B was homozygous in one parent and heterozygous in the other, all the progeny were black as expected.
The These results, fitted to a 3: 1 ratio, gave a x 2 value of 1.384 and a probability of 0.20-0.30. The ratio of 6 segregating to 1 breeding true fits a 2: 1 ratio with a X 2 value of 1.138 and a P value of 0.20-0.30. Twelve progenies from brown Holstein bred true (132 plants) as expected. All the results on this pattern fit the hypothesis that Holstein is due to the interaction of wwHH.
Breeding Results from Planting F2 Seed with the Large-Eye Pattern.
On the basis of the literature and the F 2 results, it was supposed that the large-eye pattern was due to the interaction of ww and Hh. All large-eye patterns should therefore segregate into Holstein, large eye, and small eye. Results from progeny tests of both black and brown large-eye types are shown in table 5. They fit expectations very well. Two !genotypes of the black large eye are expected, those segregating for both Bb and Hh and those segregating for only Hh. They should be in the ratio of 2:1. Twenty- [Vol. 24, No. 11 nine families were segregating, 17 for Band Hand 12 for H only. Fitted to expectation, the x 2 value is 0.842 and the P value is 0.30--0.50. The brown large eye should segregate for Hh but breed true for the color. The 42 families tested did that. Thus, the tests from this pattern behaved as was expected in every particular.
Breeding Results from Planting F2 Seed with the Small-Eye Pattern.
This pattern is due to the interaction of the double recessive, wwhh, and should therefore breed true for the pattern type. Black small eye may be homozygous or heterozygous for B. Twelve progeny tests were made from BbWwHh .
• Data taken from F3. Vol. 24, No. 11 In the populations where all three genes were segregating, most of the results deviated markedly from expectations. Only in the F 2 population of 1951, where the number was only 498, was a plausible fit obtained. Two other F 2 populations and a total of 53 F 3 families with triple segregation gave very poor fits. These have been discussed earlier. An attempt to explain these results seems in order. It should be pointed out that these populations are the largest, aggregating a total of 10,972 plants. If there are consistent small deviations in segregation, it would be more readily detected in a large population.
Possible Linkage. One possible explanation not to be overlooked is that of linkage. Of the three genes in question, B came from one parent and Wand H from the other. The fact to be explained is the superabundance of self-colored black in the F 2, which is due to the presence of all three dominant genes. Linkage of B with either W or H would not provide the answer. Attempts were made to find a possible linkage between Wand H from the available data. Such a linkage does not seem probable. Taking the F 2 data from 1949 and 1951, there were 3,611 WH, 819 Wh, 361 wHH, 690 wHh, and 33 who With independent assortment the ratios should be 9:3:1:2:1. If there were linkage between Wand H, an excess of the WH, wHh, and whh types and a scarcity of Wh and wHH would be expected. This was not the case.
The critical classes are Holstein, wwHH, and small eye, wwhh. If there were linkage between Wand H, the Holstein class would be smaller and the small-eye class larger than expected for independent assortment. This did not occur. Therefore, linkage does not seem to be the explanation.
Differential Advantage of Dominant Alleles.
It is now possible to test the hypothesis expressed earlier that gametes with dominant alleles have a slight advantage in fertilization over those with recessive alleles. For this study the data for the segregation of each of the three genes can be assembled from all the F 3 populations. There were nine genotypes segregating for B, four black self-colored, one black large eye, two black Watson, one black Holstein, and one black small eye. The figures have been given above and need not be repeated in detail. The total of these populations is 5,550 of which 4,209 were black and 1,341 were brown. The probability of these data fitting a 3: 1 ratio is 0.10-0.20. The homogeneity x 2 of the nine populations was 5.276 with a P value of 0.80-0.90. It was assumed, therefore, that the populations were homogeneous. The proportion of plants with the bb constitution was 0.24162, the square root of which is 0.4916. This is the calculated frequency of effective gametes containing the b allele.
There were nine genotypes segregating for W in the F il. There were four black self-color, two black Watson, two brown self-color, and one brown Watson. The total number of plants in the nine populations was 6,554 of which 5,005 were Wand 1,549 were ww. The X 2 for the homogeneity test was 10.853 with a P value of 0.20-0.30. For a 3: 1 ratio, 1,638.5 ww plants were expected. The probability of these data fitting such a ratio is 0.01. The proportion of plants with the ww constitution was 0.2407.6, the square root of which is 0.4862. This is the calculated frequency of effective gametes containing the w allele.
The H gene was segregating in nine F 3 genotypes: four black self-color, March, 1956] Smith: Seed-Coat Color Inheritance in Vigna sinensis 291 two black large eye, two brown self-color, and one brown large eye. The nine populations had a homogeneity x 2 of 6.712 with a probability of 0.50-0.70. The total of all populations was 5,497 of which 1,229 were hh, where 1,374.25 were expected for a 3: 1 ratio. The x 2 of such results fitting a 3: 1 ratio was 20.469 with a probability of considerably below 0.01. The proportion of the hh plants was 0.22358, and the frequency of the effective gametes containing the h allele was 0.4728.
The analysis of the segregation of each gene in the F 2 generation has already been discussed. The data from the two generations can now be combined.
In the Bb segregations the data are: B It was pointed out earlier that the three F 2 populations were not homogeneous for the Bb segregation. The value of P of the homogeneity X 2 was 0.01-0.02. The same result was obtained when the F 2 and F 3 results were compared. The homogeneity X 2 value is 10.24 with a probability of somewhat less than 0.01. The nine genotypes, however, were statistically homogeneous with a P value of 0.80-0.90. Therefore the 1948 F 2 population must be too low. In that year the frequency of the b allele was 0.4347. There is now a choice of arbitrarily deleting some nonconforming data or using all of it. It seems that the estimation of the frequency of the b allele would be better from all the data than from only a part. Therefore, the figure 0.4702 was used with the knowledge that this estimate might be a little low.
For the Ww segregation the data were as follows: The homogeneity tests of the three F 2 populations and the nine F 3 genotypes each gave P values 0.50-0.70. However, the frequencies of h in the F 2 and F 3 data were not close, and it is little wonder that in combining the two groups of data, the P value of the homogeneity test was reduced to 0.01. Hilgardia [Vol. 24, No. 11 As in the case of b, the figure calculated from all the data was used because it should be more reliable than any part. The calculated proportions for the B and the H gene in different populations were divergent, as shown by the homogeneity tests. It seems, therefore, that the advantage of the dominant alleles over the recessive is not the same in all populations. Some of the divergence may have been due to sampling errors.
Tests of the Hypothesis of Greater Efficiency of Dominant over Recessive Alleles. Now if the frequency of b was 0.4702, instead of a 0.50: 0.50 ratio of the dominant: recessive, we would expect 0.5298:0.4702. For W:w the ratio was 0.5093: 0.4907, and for H: h it was 0.5407: 0.4593. These are but slight changes and would not deviate from the normal 50: 50 enough to be detected in small populations. However, if the gametes containing.the dominant alleles are favored, it would be expected that the substitution of these figures for the normal ratios would improve the fit in large populations. The F 2 populations would be a good place to test the hypothesis. The F 2 generation of 1948, however, was in error because of faulty classification of some of the patterns. It will therefore not be considered.
In table 8 the results of the F 2 in 1949 are given. The first column lists the genetic symbols for each phenotype. In the second column the observed numbers for each class are given. In the third column, "Calculation 1," the deviations from expectation are given. This calculation is based on equal gametic competition; hence, this is testing to a 27: 9: 3: 6: 3: 9: 3: 1: 2: 1 ratio. The deviation from the calculated number is given for each cell. Deviations large enough to reduce P to 0.05 are starred. Those large enough to reduce it to 0.01 are marked with a dagger. In the 1949 data there were six cells where the deviations were large enough to reduce the probability to less than 0.01. The total X 2 is 142.8 and the probability is very low. The same calculations were used in determining the goodness of fit in table 1.
In the "Calculation 2" column the calculations were based on unequal competition of gametes containing dominant and recessive alleles. The calculations used to obtain the expected frequencies of the phenotypes were: It should be noted here that these calculations were based on the assumption of discrimination in favor of the gametes containing dominant alleles. In a self-pollinated plant it would be extremely difficult to determine whether this discrimination is due to pollen on egg cells or to slightly favored dominant combinations in fertilization.
Since the genetic constitution of each phenotypic class was known, the calculated frequency for each cell was made. The numbers obtained by this method were calculated and the deviations of the observed from calculated numbers are shown for each cell in the table in the "Calculated 2" column.
When the data were fitted to expectation from the model assuming unequal gametic competition, there were only two cells in which the deviations were large enough to reduce the probability to 0.01. The total X 2 was 32.7 and the probability was near 0.01. The hypothesis assuming unequal competi- March, 1956] tion of gametes fits the facts more nearly than the one assuming equal effectiveness.
In the lower part of the table the same comparison was made with the F 2 data of 1951. In this case the hypothesis reduced the x 2 from 14.3 to 9.6 and the probability increased from 0.10-0.20 to 0.30-0.50.
In table 9 the hypothesis was tested for the 53 F 3 families segregating for all three genes. In the calculations assuming equal efficiency of dominant and recessive alleles, there were two cells with very high x 2 values and one with a high value. The total x [Vol. 24, No. 11 was only one cell with a high X 2 and the total was 17.1. The probability of goodness of fit was improved from 0.01 to 0.02-0.05.
In the center part of table 9 the 28 families segregating for BbWwHH are shown. These data are also in table 3. The unequal gametic efficiency hypothesis showed a slight improvement over the equal; the value of P for goodness of fit was raised from 0.01-0.02 to 0.02-0.05. March, 1956] Smith: In the bottom of table 9 the results of the 32 families segregating for BBWwHh are shown. Here again, the proposed hypothesis fits the results better than the assumption of equality of all gametes. The X 2 was reduced from 27.3 to 7.0, and the probability of goodness of fit increased from less than 0.01 to 0.10-0.20.
Most critical are the data dealing with distribution of the 203 F 2 genotypes as determined by their F 3 breeding behavior. These results are given in table 2. There were far too many triple dominant homozygous types. In P .
* Deviation 2/calculated has a P value of <0.05.
t Deviation 2/calculated has a P value of <0.01.
17.499 0.01-0.02 9.504 0. 30-0.50 table 10 the hypothesis is tested on these genotypes. In the calculations for goodness of fit for equal efficiency of gametes, the X 2 was 17.5 and the value of P was 0.01-0.02. Fitted to the hypothesis of inequality of efficiency of gametes containing dominant and recessive alleles, the x 2 of goodness of fit was reduced to 9.5 and the probability increased to 0.30-0.50. In all but two cells the deviations from the observed were less when the model of this hypothesis was used. This test is significant because the genotypes of each of the 203 F 2 plants were proved in the F 3 progeny tests. Since the exact genotypes of these 203 F 2 plants were established, deviations from normal distribution of the gametes need some explanation. The hypothesis of unequal efficiency of dominant and recessive alleles fitted the results much better than the one assuming random distribution of the gametes containing these alleles. The model for this hypothesis was derived from data obtained from other populations in which zygotic elimination of recessive types would be equally valid. The fact that the model satisfactorily explained the results on this more critical material favors this hypothesis as an explanation for the other results as well.
The hypothesis of unequal efficiency of gametes containing dominant
